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APPLIED TECHNOLOGY LABORATORY POSITION STATEMENT

This report documents an effort to apply the Rotorcraft Flight
Simulation, Computer Program C61, to model several test points
from the Operational Loads Survey Flight Test Program for an
AH-lG helicopter. The principal parameters investigated were
aircraft controls, attitude, and performance, and main rotor
aerodynamic loads, bending moments and accelerations.

The C81 used for this investigation is designated version
AGAJ77. The immediately preceding version in the public domain
is designated version AGAJ76. AGAJ77 differs from AGAJ76 in

the following respects: an improved autopilot, more compre-
hensive elastic rotor analysis, an improved engine/governor
model, an improved wake analysis, and enhanced output capa-
bilities. While most of these improvements were successfully
installed in the computer software, extensive difficulties
were experienced in the implementation of the elastic rotor
refinements. While the other improvements may make the AGAJ77
version preferable for many types of studies, AGAJ76 is recom-
mended for the examination of rotor dynamics and loads. In
using either program, some evaluation of the program's appli-
cability to the problem under investigation through correlation
with existing data is a judicious first step.

The results of this study provide an accurate assessment of the
capabilities of the Rotorcraft Flight Simulation (Version
AGAJ77) in modelling teetering rotor aircraft performance and
loads. A useful evaluation of the Operational Loads Survey
Flight Test Program is also included and should be reviewed
by those planning major test programs.

The Project Engineer for this contract was Mr. Edward E. Austin,
Aeromechanics Technical Area, Aeronautical Technology Division.
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1. INTRODUCTION

The Operational Loads Survey (OLS), a comprehensive flight
test program, was conducted by Bell Helicopter Textron under
contract to the U.S. Army using an extensively instrumented
AH-lG helicopter. The test program was designed to record the
rotor aerodynamic environment, and rotor, control system, and
airframe response and loads over the operational spectrum of
the aircraft. The goals of the current study, which was
initiated shortly after completion of the test program, were
to modify the Rotorcraft Flight Simulation Program C81 and to
simulate several test points from the Operational Loads
Survey and to compare the computed and experimental data. The
necessity for such correlation efforts and the modifications
made to C81 are briefly discussed in this section of the
report. The OLS test program, the flight conditions selected,
and the data reduction techniques are discussed in Section 2;
the creation of the input decks for the C81 simulations is

*discussed in Section 3. The rotor models, trim and maneuver
integration techniques, and rotor-induced velocity models used
in the simulations are described in Section 4. The results of
the level flight simulations are given in Sections 5 and 6,
with the results of the maneuver simulations being presented
in Section 7. The OLS test program and data acquisition,
storage and retrieval techniques were examined to determine if
they provide a suitable data base for verification of flight
simulation programs. The results of that study are given in
Section 8. Conclusions and recommendations for the total
effort are given in Section 9.

1.1 PREVIOUS FLIGHT SIMULATION PROGRAM CORRELATION EFFORTS

The use of large-scale, sophisticated digital computer simula-
tions in all phases of the rotorcraft design cycle has become
widespread throughout the industry in the past decade. Manu-
facturers, government agencies and universities have a selec-
tion of such programs to use in designing, evaluating, and re-
searching helicopter phenomena. Most of these programs are
limited in scope, in that they may treat only certain types of
rotors, or they may concentrate on rotor aerodynamics in the
absence of rotor dynamics, or they analyze only the rotor,
disregarding the airframe.

1


